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ticulate laden fluid whereby particulate flowback is re- 
duced or prevented. The method includes the steps of 
providing a fluid suspension including a mixture of a par- 
ticulate and a tackifying compound, pumping the sus- 



pension into a subterranean formation and depositing 
the mixture within the formation. The tackifying com- 
pound coats at least a portion of the particulate and thus 
retards movement of at least a portion of the particulate 
within the formation upon flow of fluids from the subter- 
ranean formation. 
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Description 



™ invent kxi • ». r'T^ZZ^TJ£Zt£2X^«^ 
Tni»sponol,>aitioM. ! «ld,d,,,*^ 

expense to the processing. rtrrtC . Hl trt an unconsolidated nature of a subterranean 

- -sees. _ «srsrrr,:=r^ 

lonning a cham.l Ion How a lomnMon (Uk Wok »*•"*"* ^„„ e >m w p ,od„clk* o. lomiaw M« 
Pnoppam noxbeok is t» wn««enl << pw* t«» ■* ™ o«. Wool «• n~o Ion HpMtm 01 

wellbore to production of "^f™ problem is to employ resin«oated proppants 

Cuaently, the primary means for addressing the proppant "°*° a ™ p ^ k situation8 . Further, the cost 

or res* consoUdatton of the ^^^tT^X^ STT«to twenty frve percent of the 
of resin«oated proppant is high and "^Jectii since there is some difficulty in placing it uniformly 

proppant placement. Resin-coated proppant is not always e ™ S 8 "^ "\ „ , f racture conductivity. Resin 
wtthinThe fractures and, additional^ ««ltC^s such as guar or hy- 

coated proppant also may interact chemically wrth common ^^^^^\\ Kefe(i crosS linking and/or 
droxypropylguar with organ.xnetal.ics or borate citato* r '^ a !, e effectiveness has been to 

breaK times for fhe fluids thereby ^/^^^J^^^e6 so that fracture Cosure pres- 
gradually release fracturing Pr^re «,cethe *™J££^ to before ftowback of the f rac- 

arsw^ffs- is — -~ since * reduces 

the production ^^^TZ^^Z M S- of gravel in the near^eilbore area in order ,o 
In unconsolidated formations, it is common 10 Wmatinn « naa with the production of hydrocarbons. Typ- 

present a physical barrier to the transport of "™^*^^™^^ ot a quan tity of grave, and/or 
ically, such so-called 'gravel packing operas' rwc^e f» V^£££S*£ho 2e unconsolidated 
sand having a mesh size between about 1 0 and 60 ™*^£^®fj* «SL together in order to form 
formation adjacent to the wellbore. It is sometimes ^^^^K buuTof the unconsolidated 
a porous matrix through which formation fluids can pass ^ * particles may constitute a 

ancor fines transported to the near wellbcre area by the ^ me 

?o an oveju^h o, "^« a ^^ dittoes o, rasing 

U. S. Patents 5.330 005. 5 ^^•°^ a ^~ 1 J'"'* rial y, ^ fluid with which the particulates are introduced 
proppants or gravel packs by the incorporation of a ^smateraim ine millimeters and a 
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loss in permeability of the proppant pack that is created in comparison to a pack without the fibers. 

While this technique may function to limit some flowback, it fails to secure the particulates to one another in the 
manner achieved by use of resin coated particulates. 

U.S. Patent 5,501,274 discloses a method for reducing proppant flowback by the incorporation- oMfaermoplastic 
material in particulate, ribbon or flake form with the proppant Upon deposition of the proppant and thermoplastic ma- 
terial in the formation, the thermoplastic material softens and causes particulates adjacent the material to adhere to 
the thermoplastic creating agglomerates. The agglomerates then bridge with the other agglomerates and other partic- 
ulates to prevent flowback from the formation. 

It would be desirable to provide a method which will bind greater numbers of particles of the particulate to one 
another whereby agglomerates may be formed which would further assist in preventing movement or flowback of 
particulates from a wellbore or formation without significantly reducing the permeability of the particulate pack during 
aggressive flowback of treatment fluids. 

We have now devised a method of treating a subterranean formation and a resultant porous particulate pack, that 
inhibits the flow of particulates back through the wellbore with the production of hydrocarbons without significant effects 
upon the permeability of the particulate pack. 

In one aspect, the present invention provides a method of treating a method of treating a subterranean formation, 
which method comprises the steps of introducing a treatment fluid into a subterranean formation; admixing with at least 
a portion of said fluid, a particulate which is introduced into and deposited within said formation; admixing with at least 
a portion of said particulate a liquid or solution of a tackifying compound whereby at least a portion of said particulate 
is at least partially coated by said compound such that the critical resuspension velocity of said at least partially coated 
particulate is increased by at least about 50 percent when tested at a level of 0.5% active material by weight over said 
particulate alone with water; depositing the tackifying compound coated particulate in the subterranean formation; and 
flowing back fluid from the formation whereby the tackifying compound coated particulate retards movement of at least 
a portion of the particulate within said formation. 

In another aspect, the invention provides a method of treating a subterranean formation penetrated by a wellbore, 
comprising the steps of providing a fluid suspension including a mixture of particulate material and another material 
comprising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate upon admixture 
therewith, pumping the fluid suspension including the coated particulate through the wellbore and depositing the mixture 
in the formation. Upon deposition of the coated material mixture in the formation the coating causes particulate adjacent 
the material to adhere to the coated material thereby creating agglomerates which bridge against other particles in the 
formation to prevent particulate flowback. 

In accordance with the present invention, the coated material is effective in inhibiting the flowback of particulate 
in a porous pack having a size ranging, for example, from about 2 to about 400 mesh in intimate admixture with the 
tackifying compound coated particulates. 

The coated material is effective in consolidating particulate in the form of agglomerates in a formation as a result 
of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback of the 
treatment fluid. 

In accordance with the present invention, a liquid or solution of a tackifying compound is incorporated in an intimate 
mixture with a particulate material such as conventional proppants or gravel packing materials and introduced into a 
subterranean formation. 

As used in this specification, the term "intimate mixture* will be understood to mean a substantially uniform dis- 
persion of the components in the mixture. The term "simultaneous mixture" will be understood to mean a mixture of 
components that are blended together in the initial steps of the subterranean formation treatment process or the prep- 
aration for the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not un- 
desirable chemically interact with other components used in treating the subterranean formation. The material may 
comprise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an additional material that is admixed with a particulate and introduced into a subterranean 
formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of fibers, flakes, ribbons, beads, 
shavings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the 
particulate in an amount of from about 0.1 to about 5 percent by weight of the particulate. 

The tackifying compound comprises a liquid or a solution of a compound capable of forming at least a partial 
coating upon the substrate material with which it is admixed prior to or subsequent to placement in the subterranean 
formation. In some instances, the tackifying compound may be a solid at ambient surface conditions and upon initial 
admixing with the particulate and after heating upon entry into the wellbore for introduction into the subterranean for- 
mation become a melted liquid which at least partially coats a portion of the particulate. Compounds suitable for use 
as a tackifying compound comprise substantially any compound which when in liquid form or in a solvent solution will 
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torm a non-hardening coating, by themselves, upon the particulate and prefer** ^^^S!!^ 
resuspension velocity of the particulate when contacted by a stream ol water as hereinafter described m Example by 
^S^SSm* over^e particulate alone when present in aO.Spercentby weight active rnatenalconcentra^on 
tSSSl me Z crflica. resSspensk* vekxity by at least about 50 percent over the P"»"^™""** 

5 me continuous critical resuspension velocity is increased by at least 100 percent over particulate alone and m«rt 
SSIJ1 150 percent over particulate atone and the initial critical resuspension yelocrty is .ncreased 
MWsZSmti most preferably at least 100 percent over particulate alone. A partcularty preferred group 
JS cSnds comprise polyamides which are liquids or in solvent solution at the temperature of the sub- 
terSneSn fJmSS to be treated such mat me polyamides are. by themselves, non-hartenmg when present on the 

10 !ZLtL into me subterranean formation. A particularly preferred product is a condensate reacton 
ESjtad of commercially available polyacids and a potyamine. Such commercial products ncfode oom- 
£5 sTas mixtures of C* dibas* ackte containing some trimer and higher oligomers and 
monomer acids which are reacted with polyamines. Other polyacids include trimer ac.ds. synthetic ac.ds produced 
™1 S maleic anhydride and acrylic acid and me like. Such acid compounds are ava.lable from companies 

is S aTwtctScamp Chemtall. ano Emery Industries. The reacton products are available from, tor example. 

«iS}K or more aSid functionates per molecule wfth a polyamine. As is we.l known « the manu- 
ScSg industry, ,he polyacids and polyf uncfional amines are introduced into a reactor where, wrth agHafon, the m.kJIy 

20 flvnthfltmic formation ol the amide salt occurs. 

AfteTSg h^Tapplied to promote endothermic dehydration and formation of the polymer melt by 
1 T^e S r^ is condensed and removed leavng me poiyamide. The motecufer ™f^^*°?»«™ 
ofme polymer are controlled by choice and ratio of feedstock, heating rate, and judicious use of monof uncfional acids 
an^aST to terminate chain propagation. Generally an excess of polyamine is present to prevent runaway ch*n 

25 p^agSion. Unreacted amfces can be removed by distillation. « desired. Often a sofvent. « 
Sdwith the final condensation reaction product to produce a liquid solution that can readily be handled. The con- 
denStton , reac«™ generally is accomplished at a temperature of from about 225'F to about 450 F under a nitrogen 
swX to remSeThe condensed water from the reaction. The polyamines can comprise, lor example, ethy lened.am.ne. 
diethvlenetriamine, Methylene tetraamine, amino ethyl piperazme and the like. 

oo Te Snides can be inverted to quaternary compounds by reaction with methylene chlonde, dimethyl suBate 
ben JchtoXoiemyl sutfate and me like. Typically the quaternization reaction woukl be effected at a temperature of 
from about 100 to about 200'F over a period of from about 4 to 6 hours. 

Th^iatVm^rion reaction may be employed to improve me chemical compatibly of me tack.fy.ng compound 

with the other chemicals utilized in the treatment fluids. . . 

3S Quat^izatSn of me tackifying compound can reduce effects upon breakers in me fluids and reduce or mm.rn.ze the 
huffer effects of the compounds when present in various fluids. . . , . 

!£^2<poS*M<*> may be utilized as tackifying compounds include fluids and solutes of, for examp.e. 

nolvesters and ootvcarbamates, natural resins such as shellac and the like. 

^ Se Sing compound is admixed with me particulate in an amount of from about 0 1 to about ao percent «M 

40 material £ weight of me coated particulate. It is to be understood that larger quantities may be used. howeveUhe 
^qua^tSenerally do not significantly increase performance and could undesirably reduce me permeab, rty of 
USSSSTpS Preferably, modifying compound is admbced w«h me partite Produced into me subterra- 
neanformation in an amount of from about 0.25 to about 2.0 percent by weight of the coated partculate 

VvZthrtackify ing compound is utilized with another materia, that is to be admixed with the part.cu.ate and whxm 

4S is to be at least partLly coatedwith me tackifying compound, such as glass fibers or me l.ke. the compound * presen 
n aVa^offom aoout 1 0 to about 250 percent acfive rnater*. by weight of the glass fibers^ 
anToenerally from about 0.1 to about 3 percent active material by weight of the quantrty of particulate w*^«hthe 
coated material is intimately admixed. Preferabfy the tackifying compound is present in an amount of from about 50 to 
about 1 50 percent of the material which is to be at least partially coated with me tackifying compound and thenadded 

50 feme particulate. At least a portion of me tackifying compound introduced with me additional material w.ll contact and 
mat at lAflst a oortion of the particulate with which it is admixed. 

^X^^Zl of tSying compound interacts mechanically with the parties of particulate Produced into 

the subterranean formation to limit or prevent me flowback of particulates to me weltoore. 

TCSTsolutionoftackrrying 

55 f racturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydrocarbon fluid or an emulswn. 
a^sLg agent and any of me various known breakers, buffers, surfactants, clay slabbers or me l.ke. 

lenerTJ the tackifying compound may be incorporated into fluids having a pH in me range of from about 3 to 
about 1 2 for introduction into a subterranean formation. The compounds are useful in reducing particulate movement 
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within the formation at temperatures from about ambient to in excess of 275 9 F. It is to be understood that not every 
tackifying compound will be useful over the entire pH or temperature range but every compound is useful over at least 
some portion of the range and individuals can readily determine the useful operating range for various products utilizing 
well known tests and without undue experimentation. 

The liquid or solution of tackifying compound generally is incorporated with the particulate as a simultaneous 
mixture by introduction into the fracturing or gravel packing fluid along with the particulate. Fracturing fluids are intro- 
duced into the subterranean formation at a rate and pressure sufficient to create at least one fracture in the formation 
into which particulate then is introduced to prop the created fracture open to facilitate hydrocarbon production. Gravel 
packing treatments generally are performed at lower rates and pressures whereby the fluid can be introduced into a 
formation to create a controlled particule size pack surrounding a screen positioned in the wellbore without causing 
fracturing of the formation. The particulate pack surrounding the wellbore then functions to prevent fines or formation 
particulate migration into the wellbore with the production of hydrocarbons from the subterranean formation. The tack- 
ifying compound may be introduced into the fluid before, after or simultaneously with introduction of the particulate into 
the fluid. The liquid or solution may be incorporated with the entire quantity of particulate introduced into the subterra- 
nean formation or it may be introduced with only a portion of the particulate, such as in the final stages of the treatment 
to place the intimate mixture in the formation in the vicinity of the wellbore. For example, the tackifying compound may 
be added to only the final 20 to 30 percent of the particulate laden fluid introduced into the formation. In this instance, 
the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the particulate 
will cause the particles to bridge on the agglomerates formed therein and prevent movement of the particles into the 
wellbore with any produced fluids. The tackifying compound may be introduced into the blender or into any flowline in 
which it will contact the material to be at least partially coated by the compound. The compound may be introduced 
with metering pumps or the like prior to entry of the treatment fluid into the subterranean formation. 

In an alternate embodiment, the particulate may be premixed with the tackifying compound prior to admixing with 
a treatment fluid for use in a subterranean formation. 

In order that the invention may be more fully understood, reference is made to the accompanying drawings, where- 



in: 



FIGURE 1 provides a schematic illustration of a test apparatus utilized to determine the critical resuspension 
velocity for a coated substrate material; and 

FIGURE 2 provides a schematic illustration of additional unconfined flow cell test apparatus. 

To further illustrate the present invention and not by way of limitation, the following Examples are provided by way 
of illustration only. 

35 EXAMPLE I 

The evaluation of a liquid or solution of a compound for use as a tackifying compound is accomplished by the 
following test. A critical resuspension velocity is first determined for the material upon which the tackifying compound 
is to be coated. Referring now to Figure 1 , a test apparatus is illustrated for performing the test. The apparatus comprises 
a 1/2" glass tee 10 which is connected to an inlet source 12 of water and an outlet 14 disposal line is blocked to fluid 
flow. A water slurry of particulate is aspirated into the tee 1 0 through inlet 1 2 and collected within portion 1 6 by filtration 
against a screen 18. When portion 16 of tee 10 is full, the vacuum source is removed and a plug 20 is used to seal the 
end of portion 16. The flow channel from inlet 12 to outlet 14 then is swabbed clean and a volumetrically controlled 
pump, such as a "MOYNO - pump, is connected to inlet 12 and a controlled flow of water is initiated. The velocity of 
the fluid is slowly increased through inlet 12 until the first particule of particulate material is picked up by the flowing 
water stream. This determines the baseline for the starting of the resuspension velocity The flow rate then is further 
increased until the removal of particles becomes continuous. This determines the baseline for the continuous resus- 
pension velocity. The test then is terminated and the apparatus is refilled with particulate having a coating corresponding 
to about 0.5 percent active material by weight of the particulate applied thereto. Similar trends generally are seen in 
the results when the concentrations tested are from about 0. 1 to about 3 percent, however, the 0.5 percent level which 
is within the preferred application range is preferred for standardization of the procedure. The test is repeated to de- 
termine the starting point of particulate removal and the velocity at which removal becomes continuous. The percent 
of velocity increase (or decrease) then is determined based upon the initiaJ or continuous baseline value. The results 
of several tests employing the preferred polyamide of the present invention, and conventional epoxy and phenolic 
55 resins known for use in consolidation treatments in subterranean formations with 1 2/20 and 20/40 mesh sand are set 
forth below in Table I. 
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Test 
No. 
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11 



12 



13 



TABLE I 



Particulate Coating Agent, 

Size I % V/Wt 

Particulate 



20/40/mesh 
sand 

20/40 mesh 
sand 

20/40 mesh 
sand 



none 



Percent Of Velocity 
Change At 
Starting Conti nuous 

o 



1/2 percent 
poly amide 

1 percent 
poly amide 



20/40 mesh 
sand 

20/40 mesh 
sand 



1/2 percent 
phenolic 

1 percent 
phenolic 



192 



271 



-0.5 



222 



391 



6.5 



-9 



-6.8 



20/40 mesh 
sand 

20/40 mesh 
sand 

12/20 mesh 
sand 

12/20 mesh 
sand 



1/2 percent 
epoxy 

1 percent 
epoxy 

1/2 percent 
polyamide 

1 percent 
polyamide 



-9 



5.2 



228 



367 



-1.2 



12.2 



173 



242 



12/20 mesh 
sand 

12/20 mesh 
sand 



1/2 percent 
phenolic 

1 percent 
phenolic 



42 



42 



22 



13 



12/20 mesh 
sand 



12/20 mesh 
sand 



1/2 percent 
epoxy 

percent 
epoxy 



48 



38 



30 



15 



The data clearly illustrates the substantial increase in the critical resuspension velocity of a particulate ►coated I with 
the ^ng c^und in comparison to other known format™ consolation agents wh.ch require hardening to be 

effective. 
EXAMPLE II 

A series of tests were performed using the apparatus h Figure 2 to determine the effect of the addittonof the 
,~uLZ ^Lnaaund to a oarticulate admixed with another material comprising glass fibers. The parficulate compnsed 
^2^ t^Z mZ ^^ of about 12 merons and a iength of about 1/2 inch. The mix^g fluid 
I JZZZ ^m or a gelled fluid containing 25 pounds of guar per 1000 gallons of fluid. In accordance with the test 
oSurc S Tgls £STwere mixeJwith 1 % by weight of glass fibers w«h a mixing flu* and the resutong 
s uTrs'aSra^thlgh a conduit 31 into test cel. 30 to form a pack within cell 30 against a screen 32 adjacent 
S^Te 151 tad an Werior diameter of approximate* 1 5/8 inch and was approxarrately 10 inches in length 
S me^k was formed, a flow of water was Vitiated through conduit 33 into cell 30 and out Ihmugh a replaceabte 
iashTr 3^S adjacent conduit 31 . Washer 34 had a 5/8 inch diameter hole to simulate a wel^recaaing perto- 
^kT-The tow rate oTthe water was continually increased until the sand pack failed and sand towed through the 
JSaSn To fiber contaWng pack failed at a flow rate of 51 .4 barrefc per day when gelled fluid was used as 
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he mix fluxi and 41 .7 barrels per day when water was used as the mix fluid. The tests were repeated including a 
tackifying compound in an amount of 0.5% V/wt of sand. The tackifying compound comprised a poLmide^he tack 
.fy-ngcompound/giass fiber containing pack when gelted fluki was used as tne mix fluid failed JSXmJ 
and the pack prepared with water failed at 61 .9 barrels per day. P V 

The results clearly demonstrate the substantial increase in formation fluid flow that can be achieved from a sub- 
terranean formats containing partteuiate including both the fibers and the tackifying compound over tnt Es atoJe 
without undesirable particulate production from the formation. 



EXAMPLE III 



• .„ V! I e,,ec,ivene88 of 106 meth «* °< «he present invention two gas wells approximately one mile aoart 
.n the Chase Formation were treated on the same day. One well utilized the meSod of the pLeJ^ZSSK 
a tackifying compound and the other well utilized substantially the same fluids, proppant quantity mSSnSSSZ 
wrthout the tacking compound. The approximate depth of the wells were 28£^ZZg5Vr SZ^^ 
to the surface. The wells were plugged with sand prior to the treatment to a depth of about 2700 feel i ne Ztu^t 
treatments involved a 2000 gallon prepad of treated water, a 1 2000 gaflon pad pumped at 35 battel m^teSl 

IbTt B , Jn^vT ^introduced in a ramped schedule from 1 to 8 pounds per gallon for a total sand contend 

££? ^ ! aCtU " n9 ,rea,men, U,ili2ed 3 cr088li "^ 8uar<ontaining fluid including in^Twefl 

0.1 galtackrfymg compound per 100poundsof sand. The wells were flushed with lOOOgaltone of fluid aZme3JZ 

IST^VS t*™"' flUid6 a,8 ° ^ *° W** leakers and JS^£K2S222 

Zwilntu, r e J ea,ter ' 1,18 We " 8 Were deaned OUt " d *• VO,Umes 01 «"< as COnV9n,K3nal 

Well without tackifying compound- 

Tag sand in wellbore at 2710 feet and clean out to bottom of hole at 2818 feet with sand pump 

lontS r„r h red K° C, ! a " We,,b0r9 491 931,0,18 1018 ^ ° ver three «™ 8 tubing vo.ume originally 
containing sand thereby indicating significant immediate sand flowback ongmaiiy 

ISiT" ^ "T" T' 0 ' 45 minU,eS 3Wer , * ,ch 3,1 "H* 0 " 81 292 S 3110 " 8 of eand were recovered from the 
wellbore. Over the next three days an additional 168 gallons of sand were recovered and the well con.iZd to 

sr; jsr fluw ^ recovered by pumpin9 ,he we,tt>ore - 10,31 — p^^sk 

Well with tackifying compound- 
Tag sand at 2700 feet and clean out with sand pump to 2796 feet. 
Total sand recovered to clean wellbore was 127 gallons 

™* ™* bk3Wr '5 own for 20 ™ u, es after which 1 gallon of and was recovered from the wellbore Over the 

5!SST an 5 93,1008 * " Bd was recovered 38 ,rea,ment fluid was recovered ^ SEE 

to *ri2Sr!3Jf E? "f- ° f ,hS Pr98ent iWen,l0n re8Ulted in approximatey 6 gallons of sand returning 
to the wellbore after the treatment. The treatment performed without the tackifying compound resulted in excess ot 

° "h"* 9 ,0 *• W8l,b0re - The8 ° reSUKS Cl83r ^ i,,U8,r3,e ,he benefi « 8 * b. den^om useTthe 
,n Jf dU ? d ^ time f0f reCOVery ,r0m 0,6 ,re3,6d we " vereu8 108 wefl F Ze, benems 

wSe thlZ , T^ 0 ? ,f0m Pf0dUCed ^ hdUC9d dam39e to P um P 8 and <><" 8 ' surfaceXtment 
Dr ,he P^ e8en, ,n ! en,,0n h38 0ee " d88Cribed wi,h fe9ard to *** i8 cu ^ently considered to comp fee me 

preferred embodiments of the invention, other embodiments have been suggested and still other ^mbSSE ^ 
occur to those individuals skilled in the art upon receiving the foregoing specification embodiments will 



Claim* 

1. 



JSfS. T 8Ubterranean ,orrnation - method comprises the steps of introducing a treatment fluid 
into a subterranean formation; admixing with at least a portion of said fluid, a particulate which is introduced into 
« Ideposrted wfthin said formation; admixhg with at least a porton of said particulate a liquid S U 

SKl ^ "^P" 18 ™ V8,oc «y «• at least partially coated particulate is increased by at leaTataut 
50 percent when tested at a level of 0.5% active material by weight over saidparticulate atone with water £p£ng 
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said formation. 

of from 0 1 to 3.0 percent by weight of sa.d particulate. 
3 A method according ,» ~ , - " — * - " " * 

of 100 percent over said particulate alone. 
, A ^^,»^,ZOo,c.^od a ^oc^c.ccd,p,« S ..^cc.c^o.,. 

is polyamide. 

with a polyamine. 

20 , ^nriRflfi at least one of ethylenediamine, diethylenetn- 

I A ™mod accede. » — « « 7. -w* - «»-»— - — « 



25 



30 



. lairT , c - to a serein said particulate comprises at least one of sand, ceramic 

10. A molded accedes « — 1 - * - -*,-*—«'—- ~ " " 

oclouoo * a Pdlyolor. a poftcatcmK a oalunl M 
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